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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


EXPERIMENTAL INVESTIGATION OF AERODYNAMICALLY BALANCED 
TRAILING-EDGE CONTROL SURFACES ON AN ASPECT RATIO 2 
TRIANGULAR WING AT SUBSONIC AND SUPERSONIC SPEEDS 


By John W. Boyd and Frank A. Pfyl ` 
SUMMARY | - 


The results.of an experimental investigation of several types of : "E" 
aerodynamically balanced trailing-edge flaps on an aspect ratio 2 tri- 
angular wing are presented. The balancing devices employed consisted 
of flap overhang, paddles, rectangular and triangular horns, and 
trailing-edge tabs. The lift, drag, pitching moment, hinge moment, and, 
in some instances, the rolling moment were obtained for Mach numbers 
of 0.6, 0.8, 0.9, 1.2, 1.3, 1.5, 1.7, and 1.9 at а constant Reynolds 
number of 4.4 million and for angles of attack from about -h? to 199. 
The flap deflections were varied from НО to -289. | 

The results showed no significant nonlinearities in the pitching 
moments for the balanced flap arrangements investigated. Most of the 
flap balances did contribute nonlinear hinge-moment characteristics at 
subsonic speeds but showed essehtially linear hinge-moment character- 
istics throughout the supersonic speed range. 


Comparison of the control-surface parameters of the various flap 
balances with those of the unbalanced flap showed the following results: 


The overhang balances gave appreciable reductions in the hinge- 
moment parameters at subsonic speeds but were relatively ineffective in 
providing aerodynamic balance at supersonic speeds at low angles of | 
deflection. The configurations employing the overhang balances had, іп 
some instances, minimm drag coefficients that were 15 percent greater 
than the minimum drag ΘΕ of the configuration employing the 
unbalanced flap. | | | mE 


Ihe paddle balances mounted forward of the hinge line provided. E 
material reductions in the hinge-moment parameter, Chs, throughout the i ag 
speed range investigated but Һай little influence on σαι. At supersonic 
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speeds, the balance effectiveness increased with increasing Mach number. 
The paddle balance mounted behind the hinge ‘line showed negligible effect 
on the hinge-moment characteristics at subsonic speeds; at low super- 
sonic Mach numbers material reductions in. Chs were realized but the 
balance effectiveness decreased with increasing Mach number. Addition 


the minimum drag coefficient. 


The unshielded horn balances provided some reduction in the hinge- 
moment parameters throughout the speed range investigated. The 20.3- 
percent-area rectangular horn materially reduced both Ch, and Chag 
at supersonic speeds but resulted in large overbalanced values of 
at subsonic speeds. Reducing the horn size to 6.4 percent resulted ` 
in considerably reduced aerodynamic balance at supersonic speeds with _ _ 
Closely balanced values of C at subsonic speeds. The 5.5-percent-- 
area triangular horn also showed closely balanced values of Ch, at 
subsonic speeds but only a small reduction in the DEC moment 8 
at supersonic speeds. | ak 


The trailing-edge tab peared ‘for equal and opposite deflections to 
that of the control surface produced substantial reductions in Chs at 
subsonic speeds but was relatively προσ ve in reducing Chg at 
supersonic speeds. 


Throughout the speed range investigated, only the trailing-edge tab 
caused any appreciable loss in the control pitching-moment effectiveness. 


A comparison of the measured values of the pitching-moment- 
effectiveness parameter and the.hinge-moment parameters with the theo- . 
retical values was made in the supersonic speed range for the unbalanced 
flap, the overhang balances and the horn balances. The results showed 
that the linearized theory predicted reasonably well the variation of the | 
parameters with Mach number but not the absolute values. 


INTRODUCTION 


The excessive hinge moments associated with trailing-edge flaps 
when used as control devices on high-speed aircraft have necessitated 
the use of irreversible-powered control systems. To enable a pilot to 
safely fly such aircraft in case of power failure, the large control 
forces inherent in the flap-type control must be reduced. As part of a 
program of investigation of trailing-edge controls, several aerodynan- 
ically balanced control surfaces are currently being investigated in the 
Ames 6- by 6-foot supersonic wind tunnel to determine a satisfactory 
means for reducing the prohibitive control forces. 
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This paper presents the results of a portion of this work con- 
cerned with the properties of various types of aerodynamic balances 
designed to reduce the control hinge moments. The basic control con- 
figuration consisted of an unbalanced, constant-chord, trailing-edge, 
hinged flap with an area equal to approximately 14.6 percent of the 
exposed wing area. The balancing devices employed were constant-chord 
overhang, paddies, rectangular horns, and a triangular horn. A limited 
amount of data were also obtained on trailing-edge tabs. The aero- 
dynamic balances studied are not necessarily optimum but do show which 
devices bear promise for reducing hinge moments of trailing-edge flap- 
type controls. 


SYMBOLS 


b wing span, ft 


ы local wing chord measured parallel to plane of symmetry, ft 
; b/2 
{ / с2ау 
Ὁ /5 
jo ed 


ΩΙ 


Wing mean aerodynamic chord, s ft 


Cp drag coefficient, drag/as 

Cp, minimum drag coefficient 

Ch  hinge-moment coefficient, hinge moment /2qM, 
Ст lift coefficient, lift/qS 

Ст  rolling-moment coefficient, rolling moment/qSb 


Cm | pitching-moment coefficient about the 35-percent point of the : 
wing mean aerodynamic chord, pitching moment /qSë 

Chs rate of change of hinge-moment coefficient with change in flap 
deflection for constant angle of attack, 90µ/9δ, measured at 
5-09, per deg | 


Cha rate of change ОҒ hinge-moment coefficient with change in angie 


of attack for constant angle of flap deflection, ƏCL/Ə%, measured 
at a=0°, per deg | 


Cms flap pitching-moment-effectiveness parameter for constant 
angle of attack, ӘСц/95, measured at 8-09, per deg 


6- by 6-foot supersonic wind tunnel which is a closed-return variable | 
pressure wind tunnel with a Mach number range from 0.6 to 0.9 and from 


inet мс FM 452703 


length of body including portion removed to accommodate 
sting, ft 


Mach number 


first moment of area of exposed flap area aft of hinge line 
of the unbalanced flap, ft? 


free-stream dynamic pressure, i ov^, lb/sq ft 

Reynolds number, based on mean aerodynamic chord | 

maximum body radius, ft 

wing area, including area within body, sq ft 

velocity of free stream, ft/sec 

longitudinal distance from nose of body, ft 

distance perpendicular to vertical plane of symmetry, ft 
angle of attack of wing chord line, дей 

angle between wing chord and flap chord measured іп a plane 


perpendicular to the flap hinge line, positive for downward 
deflection with respect to the wing, deg 


. angle between flap chord and tab chord, positive for downward. 


deflection with respect to the flap, deg 


mass density of air, slugs/cu ft 


Subscript , 


nominal flap angle TD "I i = 


APPARATUS AND MODEL 


The experimental investigation was conducted in the Ames 


1.2 to 2.0. The wind tunnel is described fully in reference l. 
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The model consisted of a wing-fuselage combination employing а 
wing of triangular plan form of aspect ratio 2 symmetrically mounted 
on the fuselage. The wing had NACA 0005-63 airfoil sections in stream- 
wise planes. The basic wing-control configuration consisted of the 
wing equipped with a full-span, constant-chord, unbalanced flap whose 
area was 14.6 percent of the exposed wing area (see fig. 1(8)). The 
model is shown mounted in the tunnel in figure 2. 


The model incorporated flaps with the following types of aero- 
dynamic balances: - | . 


1. Overhang balances:- The basic wing profile was tested in 
combination with both a round nose flap balance (fig. 1(b)) and a sharp 
nose flap balance (fig. 1(с)). The sharp nose flap balance was also 
tested with a modified wing profile (fig. 1(а)), the portion of the wing 
just ahead of the balance being tapered to a sharp edge. The balances 
Һай constant chord equal to 50 percent of the flap chord. 


2. Paddle balances:- As shown in figures 1(е), (f), and (с), the 
paddle balances consisted of sharp-edge rectangular lifting surfaces 
which were attached to the right flap by booms that extended 1.09 inches 
outward from the chord plane of the flap. A set of 38-percent-span 
paddle balances was tested, one of which was attached to the upper sur- 
face of the flap and the other to the lower surface of the flap by booms 
that extended 0.425 inch forward of the flap hinge line (measured to | 
the centroid of the paddle). Data were also obtained for a single 
38-percent-span paddle mounted on the upper surface. Two 67-percent- 
span paddle balances were investigated, one of which was set at 0.425 
inch ahead of the control hinge line on the upper surface and the other 
set at 0.425 inch behind the control hinge line on the upper surface 
(measured to the centroid of the paddle). Тһе chord of the paddle 
balances was 0.85 inch in all cases. 


3. Horn balances:- Three unshielded rectangular horn balance flaps 
were investigated with different areas forward of the hinge line. The 
horn areas forward of the hinge line are 20.3, 13.1, and 6.4 percent of 
the exposed flap area behind the hinge line of the unbalanced flap: 
(figs. 1(1), (h), and (3), respectively). One triangular horn balance 
flap was also tested, as shown in figure 1(k). It should be noted that 
the configurations tested were not symmetrical, one employing the 20. 3- 
percent-area rectangular horn on the right wing panel and the 13.1- 
percent-area rectangular horn on the left wing panel. (See figs. 1(1) 
and (h).) The other configuration incorporated the 6.4-percent rectan- 
gular horn on the left wing panel and the triangular horn on the right 
wing panel. (See figs. 1(3) and (k).) 


lh, Trailing-edge tabs: Information was also obtained on trailing- 
edge tabs, a sketch of which is shown in figure 1(1). 
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The wing, the flaps, the paddles, and the trailing-edge tabs were 
of solid steel construction. Тһе body used in the present investigation 
had а fineness ratio of 12.5 based on the length including that portion 
shown dotted in figure 1. 


The forces and moments on the model were measured by an internal 
strain-gage balance. Flap hinge moments were measured by an electrical 
strain gage mounted in the body at the wing-body juncture. 


TEST AND PROCEDURE 


Range of Test Variables Eu 
"EAM 


The aerodynamic characteristics of the models as a function of 
angle of attack were investigated for a range of Mach numbers from 
0.6 to 0.9 апа from 1.2 to 1.9. Lift, drag, pitching-moment, hinge- 
moment, and, in some instances, rolling-moment measurements were made 
at constant flap deflections for angles of attack from about -4° to 18°. 
The flap deflections were varied from ДО to -289. In some instances, 
the full range of flap deflections and angles of attack were not 


obtained because of structural limitations or other difficulties. The : 


data presented were obtained at a Reynolds number of 4.4 million. 
Reduction of Data . 


The test data have been reduced to standard NACA coefficient form. 
The pitching moments were calculated about an axis at 35 percent of the 
mean aerodynamic chord. Factors which affect the accuracy of these 
results are discussed in the following paragraphs. 


Tunnel-wall interference.- Corrections to the subsonic results for 
the induced effects of tunnel walls resulting from lift on the model 
were made according to the methods of reference 2. The numerical values 
of these corrections (which were added to the uncorrected data) are: 

A = 0.55 Cr, 
Аср = 0.0095 Cr 


The corrections to the pitching-moment coefficient were assumed to be 
negligible. 


The effects at subsonic speeds of constriction of the flow by the 
tunnel walls were taken into account by the method of reference 3. At 
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а Mach number of 0.9, this correction amounted to а 4-percent increase 
in the Mach number over that determined from a calibration of the wind 
tunnel without a model in place. 


For the tests at supersonic speeds, the reflection from the tunnel 
wall of the Mach wave originating at the nose of the body crossed the 
model only at a Mach number of 1.2. It is believed that the resulting 
interference effects were insignificant insofar as the incremental. 
effects of flap deflection are concerned and no corrections for tunnel- 
wall effects were made. 


Stream variations.~ Tests at subsonic speeds in the Ames | 
6- by 6-foot supersonic wind tunnel have indicated small stream curva- 
ture or inclination in the pitch plane of the model. The longitudinal 
variation of static pressure in the region of the model is not known. 
accurately at subsonic speeds, but a preliminary survey has indicated 
that it is less than 2 percent of the dynamic pressure. No correction 
for the stream curvature or the pressure variation was made. A survey 
of the air stream at supersonic speeds (ref. 1) has shown stream curva- 
ture only in the yaw plane of the model. The effects of this curvature 
on the measured characteristics of the present model are not known but 
are believed to be small as in the case of reference 4. Тһе survey 
also indicated that there is a static - pressure variation of sufficient 
magnitude in the test section to affect the drag results. А correction 
was added to the measured drag coefficient, therefore, to account for 
the longitudinal buoyancy caused by this static pressure variation. 
This correction varied from -0.0008 at a Mach number of 1.3 to +0.0006 
at а Mech number of 1.9. 


Support interference.- At subsonic speeds, the effects of support 
interference on the aerodynamic characteristics of the model are not 
known. For the present model, it is believed that such effects consist 
primarily of a change in the base pressure of the model. The base 
pressure was measured, therefore, and the drag data were adjusted to 
correspond to a base pressure equal to the static pressure of the free 
stream. 


At supersonic speeds, the interference of the sting on the body 
for a body-sting configuration similar to that of the present model is 
shown by reference 5 to be confined to a change in base pressure. The 
above-mentioned adjustment of the drag for base pressure, therefore, was 
also applied at supersonic speeds. 


Precision 


The uncertainties involved in determining dynamic pressure and in 
measuring forces with the strain-gage balance are fully described in 
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reference 6. The following table lists the uncertainty introduced into 
each corrected coefficient by the known uncertainties in the measure- 
ments: 


Quantity ^ Uncertainty 

Lift coefficient - — 0.002 

Drag coefficient  *.001 
Pitching-moment coefficient i +. 002 
Roiling-moment coefficient +.001 
Hinge-moment coefficient +. 003 

Mach number +. Ol 
Reynolds number | %.03 x 106 
Angle of attack +.100 

Flap deflection angle 4.250 


| A further slight inaccuracy іп the data as presented graphically 
is incurred as a result of the deflection of the control surface under 
load. The effect of this inaccuracy in the data is discussed later. 


RESULTS 


The experimental data obtained in this investigation are presented 
in tabular form for the complete range of test variables for the flap 
balances investigated (tables I through XIII). For the purpose of 
analysis, & portion of the data is presented in graphical form. 


Graphical data which indicate the variation of the pitching-moment 
and the hinge-moment coefficients with flap deflection for given angles 
of attack and the variation. of the pitching-moment and the hinge-moment 
coefficients with angle of attack for given flap deflections are pre- 
sented in figures 3 through 14 for the flap balances investigated. The 
data are presented only for Mach numbers of 0.6, 0.9, 1.3, and 1.9, 
gince these are representative Mach numbers. It should be emphasized 
that the moment results are presented for two flaps deflected for the 
unbalanced flap and the overhang balances (see figs. 3 through 6) and 
for one flap deflected for the paddle balances and the horn balances. 
(See figs. 7 through lh.) m 

The hinge-moment coefficients for the unbalanced flap and the over- 
hang balances are based on twice the moment of area of two flaps, 
whereas the hinge-moment coefficients for the paddle balances and the 
horn balances are based on twice the moment of area of one flap. The 
flap angles noted in figures 3 through 14 are nominal settings of the 
control surface. The exact flap settings can be obtained in tables I 
through XII. 7 š | | "i 
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The pitching-moment-effectiveness parameter, Стр» and the hinge- 
moment parameters, Chg and Chs, are presented es a function of Mach 
number in figures 15 and 16 for the various flap balances. ‘The results 
presented (measjired at C;=0) аге for 8 equal to zero for the parameters, 

and Chs, and for а equal to zero for the parameter, С. Тһе 
experimental values of Cms; Chg, and in the supersonic speed range 
are compared with the theoretical results obtained from references 7 
and 8. Also presented in figures 15(a) through (h) is the minimum drag 
coefficient as a function of Mach number. The results for the unbal- 
anced flap are presented in each case for comparison. 


DISCUSSION 


In the discussion to follow, two types of data are utilized to 
point out the aerodynamic properties of the control flap with various 
balances. One get of data noted as basic characteristics (figs. 3 
through 14) show the variation of hinge moment and pitching moment with 
flap deflection and angle of attack. Since these data are primarily 
useful in noting nonlinear hinge moments and pitching moments, the 
aforementioned deflection of the control surface under load is of little 
importance and no correction to the results was made. The other set 
of data is noted control-surface parameters (figs. 15 and 16) which 
consist essentially of the measured slopes of the pitching-moment and 
hinge-moment curves. These parameters are useful in evaluating the 
balance effectiveness of the various flap balances. Examination of the 
results show that the error in these parameters, due to amitting the 
correction resulting from deflection of the flap under load, is insignif- 
icant. Іп some instances at subsonic speed, the hinge-moment parameters 
аге not accurate indications of the control-surface characteristics 
because of the nonlinear nature of the curves. These cases will be 
discussed in the text. 


Basic Characteristics 


Unbalanced flap.- The data obtained from tests of the unbalanced 
flap are presented in figure 3. For the Mach number range investigated, 
the data show the variation of the pitching-moment coefficients and the 
hinge-moment coefficients with angle of attack and with angle of flap 


deflection to be essentially linear for flap settings up to арргохі ~ 
mately -129, 


Overhang balances.- Overhang balances have been widely used in 
previous airplane designs, especially for aircraft designed for subsonic 
Mach numbers. The usefulness of such balances is somewhat in doubt at 
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transonic and supersonic speeds; however, the present investigation 

was undertaken because of the simplicity of such balances and since 

they permit mass balance of the flap. Results are presented for three 
overhang balances in figures 4, 5, and 6. The data show generally a 
linear variation of the pitching moment coefficient with flap deflection 
and with angle of attack throughout the speed range investigated. 
Modifications to the wing trailing edge or flap nose shape have small 
influence on these characteristics. 


At subsonic speeds, the use of flap overhang to provide aerodynamic | 
balance results in nonlinear hinge moments for any of the combinations 
of wing trailing-edge profiles and flap nose shapes tested. It is 
noteworthy, however, that despite the nonlinearities exhibited, the 
results reveal generally closely balanced hinge moments for a small 
range of flap settings. (See figs. (Қа) and (b), 5(&) and (b), and 
6(a) and (b).) 


At supersonic speeds, the results show that the flap nose shape . 
does not have a significant effect on the hinge-moment characteristics 
but that the wing profile has a rather large influence on the hinge- 
moment characteristics at angles of attack. The data show that regard- 
less of flap nose shape (figs. #(c) and (а), and 5(с) and (d)), the 
controls exhibit generally а linear variation of hinge-moment coefficient | 
with flap deflection at moderate deflection angles (Š < 80) throughout 
the angle-of-attack range, but show no appreciable aerodynamic balance. 
As the angle of deflection is increased negatively, however, the 
balancing portion of the flap becomes more effective and produces some 
reduction in the hinge-moment' coefficients. This can be explained, at 
least for the sharp nose flap, by the fact that the flow is probably 
separating from the wing forward of the flap and preventing the balancing 
portion of the flap from being fully effective at the Low flap angles. 


Similar hinge-moment characteristics at O° angle of attack (see 
figs. 6(c) and (d)) are 15 8 Гог the modified wing profile. At the 
higher angles of attack (a = 82, 16°), however, the influence of the 
Plow from the wing is apparently different, and a measure of aerodynamic 
balance is realized throughout the range of flap angles. Although no 
detailed analysis of the flow field is considered here, the nature of 
the flow in the vicinity of the balance may be analogous to the flow 
discussed in reference 9. The data of reference 9 show that at angles 
of attack of the order of 8°, the flow on the lower surface of the wing 
experiences no separation but expands slightly around the blunt trailing 
edge of the wing and impinges on the balance portion of the flap. The 
resulting shock and the associated high-pressure peak occurs, therefore, 
forward of the control hinge line, thereby affecting a substantial 
balancing moment. 
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Paddle balances.- Paddle balances appear to have certain useful 
properties for transonic and supersonic aircraft. For this reason, a 
number of balances of this type were investigated. Data are presented 
for these balances in figures 7 through 10. The results show that, in 
general, the variation of the pitching-moment coefficients with flap 
deflection and with angle of attack remain reasonably linear through- 
out the Mach number range for all the paddle configurations tested. 


The results reveal generally nonlinear variations of the hinge- 
moment coefficients with flap deflection at subsonic speeds. The 
paddles mounted forward of the hinge line (see figs. Τ(8) and (b), Bla) 
and (b), апа 9(a) and (Ъ)) show closely balanced hinge moments at small 
deflection angles (5 < 40), followed by rather large underbalanced 
hinge moments at the higher flap settings. The paddle mounted behind 
the control hinge line (see figs. 10(а) and (b)) shows rather large 
underbalanced hinge moments throughout the range of flap angles. At 
supersonic speeds, all the paddie configurations tested show generally 
linear variations of the hinge-moment coefficients with flap deflection 
and with angie of attack. 


Horn рајапсев.- The results obtained for the three unshielded 
rectangular horns and а triangular horn balance are presented in 
figures 11 through 14. Тһе data do not reveal any significant non- t 
linear variations of the pitching-moment coefficients with flap deflec- LORD 
tion or with angle of attack for the Mach numbers investigated. 


The results show nonlinear hinge moments at subsonic speeds for 
the rectangular horn balances that may be undesirable (see figs. 11(а) 
and (b), 12(а) and (b), апа 13(а) апа (b)). Examination of the data 
reveals that the nonlinear character of the hinge-moment curves becomes 
less severe &s the size of the horn is reduced from 20.3 pereent io, 
6.4 percent. The triangular horn balance shows reasonably linear hinge- 
moment characteristics at subsonic speeds (figs. lh(a) and (b)). At 
Supersonic speeds, no unusual nonlinearities in the hinge-moment curves 
are evident for any of the horn balances investigated (see figs. 11ΐο) 
and (а), 12(c) and (а), 13(c) and (d), and 14(c) and (d)). 


Trailing-edge tab.- The results are not presented in basic data 
form for the trailing-edge tabs investigated but may be obtained from 
the tabulated data of table XIII if needed. | 


Control-Surface Parameters 


Unbalanced flap.- The control-surface parameters for the unbalanced 
flap are presented in figure 15(a) as a function of Mach number. The 
results show а significant effect of Mach number on both pitching-moment 
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and hinge-moment. characteristics. Ав the Mach number is changed from 
0.9 to 1.2, the pitching-moment effectiveness is reduced by roughly 
50 percent. As has been shown in previous investigations (e.g., 

ref. 10), this large reduction in control effectiveness combined with 4 
the variation of the static margin with Mach number (approximately 10- 

percent mean aerodynamic chord increase as the Mach number is increased 

from subsonic to supersonic speeds) would result in considerably higher 

flap settings for longitudinal balance (Cm = O) at a given lift coef- = 
ficient at supersonic speeds than are necessary at subsonic speeds. | κ. 


Ё The results show also large increases in values of the hinge-moment | u 
parameters as the Mach number is increased from subsonic to supersonic 2. 
speeds. It is worthy of note that, at subsonic speeds for а center-of- 
gravity location of 35-percent mean aerodynamic chord, the ratio of | 
Ch/ ChS, which is one of the parameters defining the stick-free "EE 
stability, is such that a configuration employing this flap for longi- = 
tudinal control would be unstable stick free. The large rearward shift 
in.the neutral point that occurs through the transonic speed. range 
insures a wide margin of stick-free stability at supersonic speeds. | m 


Examination of the drag results reveals the usual increase in 
minimum drag coefficient that occurs for ап aspect ratio 2 triangular 
wing as the Mach number is increased from subsonic to supersonic speeds. 


"y 


А comparison of the theoretical and experimental values of the Ec ES 
pitching-moment and hinge-moment parameters in the supersonic speed. "DES 
range shows that while theory predicts reasonably well the variation of. E 
the parameters ; Chs, and Ch, with Mach number, it does not . „ 
accurately predict the absolute values. The data show generally воше- 
what lower values of the pitching-moment-effectiveness parameter, Cms, 
than those predicted by the linear theory. Ав has been shown previously 
for a configuration similar to the one under consideration (ref. 11), 
this reduction in σπιδ from the theoretically predicted values results 
primarily from a loss in lift over the flap rather than a forward shift 
in the center of pressure of the loading. The theory also overestimates 
the magnitude of the hinge-moment parameters, Ch, and Cha; the experi- 
mental values being approximately 80 percent о? the theoretical values. 


Overhang balances.- The characteristics of the various DO-percent 
overhang balances are presented in figures 15(b), (c), and (à) as a | 
function of Mach number and compared with those of the unbalanced flap. 

Тһе results show that flap overhang has no Significant effect on the 
pitching-moment-effectiveness parameter, (ms, 8% subsonic speeds, and 

the effect at supersonic speed is generally small except for the соп- 

figuration employing the modified wing profile which produces somewhat 

higher values of Ош than those of the unbalanced flap. (See fig. 

fig. 15(d).) 4 
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The data show significant reductions in both hinge-moment parame- 
ters, Chg and Chg, at subsonic speeds. The round nose flap balance 
exhibits small underbalanced values of and slightly overbalanced 
values of Cys. (See fig. 15(b).) Alteration of the nose shape from 
round to sharp results in less balance effectiveness. (See fig. 15(c).) 
А modification to the wing profile consisting of tapering the wing to 
a sharp edge just ahead of the balance results in closely balanced 
values of both Cy, and Chg. (See fig. 15(d).) 


At supersonic speeds, the results show that flap overhang produces 
some reduction in Ch, but has little influence on Chs, the values 
of Chs for the balanced flaps being of the same magnitude as those 
of the unbalanced flap. (See figs. 15(а), (b), and (c).) The parame- 
ters presented are not significantly affected by modification of either 
the wing profile or flap nose shape. 


The relative ineffectiveness of the sharp nose flap overhang in 
reducing Ср at supersonic speeds as compared with the large reduc- 
tions in Cha noted at subsonic speeds is probably due primarily to 
the difference in loading over the deflected flap at subsonic and 
supersonic speeds. At subsonic speeds, the high pressure peak inherent 
in the loading at the leading edge of the flap acts over the portion of 
the control forward of the hinge line, thereby bringing into play a 
large balancing moment. At supersonic speeds, practically no balancing 
moment is realized at small flap angles because the flow from the wing 
is separating and preventing the development of any load on the balanc- 
ing portion of the flap. The exception to this is the flap balance 
incorporating the modified wing profile where the character of the Plow 
at supersonic speeds at angles of attack is somewhat different and some 
loading is developed on the balancing portion of the flap. The reason 
for the ineffectiveness of the round nose flap in reducing Chs at 
supersonic speeds is not known. 


It is evident from the foregoing discussion that although a 50- 
percent-chord balance is adequate to balance reasonably well the hinge 
moments at subsonic speeds, substantially more aerodynamic balance is 
necessary at supersonic speeds. Previous results (refs. 9 and 11) have 
shown that greater balancing action may be attained at supersonic speeds 
with this type of balance either by increasing the amount of flap over- 
hang or by extending the gap between the wing and the control surface 
for а given amount of aerodynamic balance. (The gap effect is discussed 
in detail in ref. 9.) Either of these modifications would likely result 
іп overbalance at subsonic speeds. 


Examination of the minimum drag results show that the shape of the 
wing profile just ahead of the flap is an important parameter in the 
consideration of low-drag configurations. The configurations employing 
the true-contour wing profile reveal a maximum increase in the minimum 
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drag coefficient above that of the unbalanced flap of approximately 

7 percent (see figs. 15(Ъ) and (с)). Тһе model incorporating the modi- 
fied wing profile shows increases in the minimum drag coefficient of 
approximately 15 percent at supersonic speeds. (See fig. 15(а).) 


А comparison of the theoretical and experimental values of the 
parameters Cms and Chg at supersonic speeds shows that the theory 
predicts the variation of the parameters with Mach number but not the 
absolute values. The results show that the theory overestimates the 
pitching-moment-effectiveness parameter, Ош, by approximately 30 
percent. Тһе data show further that, unlike the results of the unbal- 
anced flap wherein the theory overpredicts the values of Chg, the pre- 
dicted values of. -Cha for the balanced controls fall somewhat below 
the measured values. ‘This discrepancy between theory and experiment 
for the sharp nose flaps is probably due primarily to the previously 
mentioned fact that the flow from the wing is separating and preventing 
the balancing portion of the flap from being fully effective at low 
flap settings. The results show that the theory overpredicts the 
values of Cha, • 


Paddle balances.- Before presenting the control-surface parameters 
for the paddle balances, it is perhaps worthwile to give brief mention 
to the fundamental ideas involved. The virtue of this type of balance 
is that at supersonic speeds, where it is most needed, the paddle has & 
powerful effect in reducing the rate of change of the hinge-moment coef- 
ficient with flap deflection but has little influence on the rate of 
change of the hinge-moment coefficient with angle of attack. The power- 
ful balancing action at supersonic speeds is brought about as a result 
of the shock-expansion interference between the balance and the control 
surface. At negative control deflections, the lower surface of the 
upper paddle propagates expansion waves which impinge on the main con- 
trol surface. The resulting loss in lift on the control causes the 
center of pressure of the load on the control surface to shift forward, 
thereby reducing the moment about the hinge line. А paddle mounted on 
the lower surface of the flap acts in an analogous manner by virtue of 
the compression waves emitted from its upper surface. А control employ- 
ing a paddle balance suffers no loss in over-all lift since the paddle 
carries lift of the order of that Lost on the control surface. 


The foregoing discussion is admittedly a simplification of the 
Plow phenomena involved but is believed to describe the underlying 
principle of the paddle balance to a first approximation. Certain other 
effects, such as the contribution of the lift, drag, and pitching moment 


of the paddle alone to the flap moment, the effect of the flow angularity 


over the wing ahead of the paddle, the interaction between the shock 
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from the wing-flap juncture апа the shock-expansion interference, and, 
in some instances, the choking effect between the paddle and the flap, . 
are known to exist. It is difficult, however, to evaluate the indi- 
vidual effects of such factors and no attempt was made to do so in the 
present analysis. 


To aid in evaluating the properties of the various paddle balances 
investigated, figures 15(e), (f), (g), and (h) were prepared which 
compare the parameters Oms, Chs, Chg, and Cp, with those of the unbal- 
anced flap. These data show that the addition of the paddle belances 
forward of the hinge line (see figs. 15(е), (f), and (g)) results in 
Blight reductions in the flap effectiveness parameter, Ош, at the high 
subsonic Mach numbers but has negligible influence on the flap effec- 
tiveness at supersonic speeds. | | 


These paddles (mounted forward о? the hinge line) provide large 
reductions in the hinge-moment parameter, Cha, throughout the speed 
range investigated but have little influence on σπα. The results of 
figure 15(e) show that а 38-percent-span paddle mounted on the upper 
and lower surfaces of the control overbalances Chs at Mach numbers 
below 0.8. At a Mach number of 1.2, the unbalanced values of Ch 
are reduced by approximately 50 percent; as the Mach number is increased 
above 1.2, the paddles indicate progressively more balancing action 
until at a Mach number of 1.9 a reduction in Chs of approximately 
80 percent is realized. 


As shown in figure 15(f), removal of the paddle from the lower 
surface results in less aerodynamic balance, but material reductions 
in Chs are still realized throughout the speed range. 


A 67-percent-span paddle attached to the upper surface of the con- 
trol forward of the hinge line is shown by the results of figure 150g) 
to reveal essentially the same balance effectiveness as that noted Por 
the semispan paddle balance on the upper. and lower surfaces. 
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The increased balance effectiveness shown by each of the paddies 
with increasing Mach number at supersonic speeds is explained as 
follows: The paddles are so located on the flap that at a Mach number 
of 1.2 the region of Bhock-expansion interference is restricted to the 
forward portion of the flap (see sketch 1). 


region of shock-expansion 


Interference 
` ^ / = C Бай 2 
(quam απ — 
М=/.2 ` =/.9 
Sketch (1) Sketch (2) 


Ав the Mach number is increased, however, the region of influence of 
the paddle is gradually shifted toward the -trailing edge of the flap 
(see sketch 2), and the resulting loss in lift brings about a progres- 
sively forward shift in the center of pressure of the load on the con- 
trol surface. a ڪڪ‎ | 


The ability of the paddle to further reduce the hinge-moment 
parameter, Cha, is restricted to that Mach number (іп this case M=1.9) 
wherein ‘the νο ας from the trailing edge of the paddle strikes 
the trailing edge of the control. "E 


This conclusion is substantiated by the results of figure 15(h) 
. Which presents the data for а 67-percent-span paddle balance mounted 


behind the control hinge line. (This paddle has negligible influence ` 


on the subsonic hinge-moment characteristics.) The location of the 
paddle is such that at a Mach number of 1.3, the disturbance from the 


paddle trailing edge just strikes the control at the trailing edge (see 


sketch 3). i 
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region of shock -expansion 
interference 


М-/3 M19 
Sketch (3) Sketch (4) 


A reduction in Chg of the order of that realized with the 67-percent- 
span paddle mounted forward of the hinge line is affected at this Mach 
number. As the Mach number is increased above 1.3, however, and the 
region of shock-expansion interference is diminished (see sketch 4), 

the balance effectiveness of the paddle decreases until at Mach numbers 
ОҒ 1.7 and above the values of Chs are greater than those of the 
unbalanced flap. In this speed range (М > 1.3) a considerable increase 
in the pitching-moment-effectiveness parameter, Cms, is realized, since 
the paddle balance is no longer effecting a large reduction in lift on | 
the control surface. The effectiveness at a Mach number of 1.9 is _ 
approximately twice as much as that of the unbalanced flap. The fact | 
that this increase in effectiveness is somewhat greater than would --- 
normally be expected is probably due primarily to thickness effects of 

the paddie. 


Examination of the minimum drag coefficients show large increases _ 
in the drag coefficient throughout the.speed range due to the addition | m 
of the paddle balances. Though the drag increment is admittedly large, " 
several points should be considered before discarding paddle balances 
from а drag standpoint. The penalty in drag must be weighed against the 
beneficial effects that the paddles have on the hinge-moment character- 
istics &nd the resulting smaller size of the power boost system required 
to handle the control forces. It should also be pointed out that the 
maximum thickness of the paddles is rather large (10 percent of the 
paddle chord) and that some improvement in the drag characteristics 
could be realized by use of thinner sections. 


Horn balances.- The control-surface parameters are presented in mE 
figures 15(i), (3), (к), апа (1) ав а function of Mach number for the - 
various unshielded horn balances tested and compared with the results 
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of the unbalanced flap. The results show that in general throughout 
the speed range investigated, the rectangular horn balances provide 
improvements in the pitching-moment effectiveness, Cms, the magnitude 
of the improvement being dependent on the size of the horn. The iri- . 
angular horn has practically no effect on the pitching-moment effective- 
ness. | | 

The effect of horn size on the balance effectiveness can be seen 
by a comparison of the results of figures 15(1), (j), and (к). The 
20.3-percent rectangular horn provides material reductions in both 
Cha and Chg at supersonic speeds but overbalancés Ch, to а large 
degree at subsonic speed. Reduction in horn size to 13.1 percent (see 
fig. 15(3)) results in somewhat less aerodynamic balance at supersonic 
speeds and reduces to some extent the large overbalanced values of 
Ch, at subsonic speeds. A further reduction in horn size to 6. per- 
cent (see fig. 15(к)) results in closely balanced values of Ch, ‘at 
subsonic speeds but only small reductions in the hinge-moment parameters 
at supersonic speeds. It should be emphasized here that the nonlinear 
variation of the hinge-moment coefficients with angle of attack for the 
rectangular horns at subsonic speeds (see figs. 11(а) and (b), 12(a) 
and (b), and 13(a) and (b)) is such that the parameter, Cha, is not a 
reliable indication of the balance effectiveness. The 5.5-percent-area 
triangular horn balance (see fig. 15(1)) provides closely balanced 
values of Cho at subsonic speeds but only slight reductions in the 
hinge-moment parameters at supersonic speeds. 


The drag results are not presented graphically for the horn balance 
flaps because of the previously mentioned asymmetry of the model. Some 
indication of the magnitude of the drag increment resulting from the 
horn balances can be obtained, however, by examination of the results 
of the configuration incorporating the 20.3-percent-area rectangular 
horn and the 13.1-percent-area rectangular horn. (See table IX.) 

These data show a maximum increase in the minimum drag coeffictent of 
the order of 10 percent over the speed range ‘investigated. 


The experimental values of Cms and Cng for the rectangular and 
triangular horns are compared with the linear theory in figures 15(1), 
(J), (k), and (1). These results show that again the theory predicts 


reasonably well the variation of the parameters with Mach number but not 


the absolute values. The experimental values of Cns fall somewhat 
below the predicted values for all the horn balances investigated with 
the results of the triangular horn showing the closer agreement between 
theory and experiment. For all the horn balances investigated, the 
experimental values of Chg fall considerably below those predicted by 
the theory. ' | | 


Trailing-edge tabs. During the present investigation, a limited 
amount of data was obtained on trailing-edge tabs. Тһе results are 
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summarized in figure 16 in the form of Cms and Chg as a function of 
Mach number and compared with the data of the unbalanced flap. Тһе | 
results presented are for a tab geared such that it is deflected down- 
ward at the same rate that the flap is deflected upward. The displace- 
ment of the tab brings into play. a moment assisting the deflection of 
the flap and a measure of aerodynamic balance is attained. The results 
reveal a reduction in pitching-moment effectiveness, Cms, of approxi- 
mately 20 percent at subsonic speeds due to deflecting the tab and a 
reduction of 10 to 15 percent at supersonic speeds. The tab is highly 
effective in reducing the hinge-moment parameter, ChS, at subsonic 
speeds (approximately 50-percent reduction) but results in reductions 
in Chs at supersonic speeds of only 10 percent. 


CONCLUSIONS 


The following general conclusions are indicated from a study of 
the basic characteristics: 


1. For the Mach number range investigated, the data show essentially 
linear pitching-moment characteristics for the flap balances investi- 
gated. 


2. Most of the flap balances had hinge-moment characteristics that 
were nonlinear at subsonic speeds. At supersonic speeds, no outstanding 
nonlinearities in the hinge moments were evident. 


A comparison of the control-surface parameters for the various flap 
balances with those of the unbalanced flap revealed the following: 


1. The incorporation of the 50-percent-chord overhang balance had 
no significant influence on the pitching-moment effectiveness through- 
out the speed range investigated. This type of balance provided material 
reductions in the hinge-moment parameters at subsonic speeds but was 
relatively ineffective in providing balance at supersonic speeds at Low 
flap settings. The modifications of the wing profile and flap nose 
shape had only small influence on either the effectiveness or hinge- 
moment parameters. The results showed that in some instances the 
configurations employing the overhang balances had minimum drag coef- 
ficients that were 15 percent greater than those of the configuration 
employing the unbalanced. flap. 


2. Addition of the paddle balances to the control had only small 
effects on the pitching-moment effectiveness over the speed range 
investigated. The location of the paddle with respect to the control 
hinge line had a large effect on the balancing action of the device. 
The paddle balances mounted forward of the hinge line showed material 


асос t 


20 моа NACA RM А5210 


reductions in the hinge-moment parameter, Chs, throughout the speed 
range but little influence ой Chg. At supersonic speeds, the balance 
effectiveness of the paddles increased with increasing Mach number. 
The paddle mounted behind the hinge line showed negligible effect on _.. 
the hinge-moment characteristics at subsonic speeds; at low supersonic 


Mach numbers material reductions in Chg were realized, but the balance 


effectiveness of the paddle decreased with increasing Mach number. 
Addition of the paddles resulted in large increases in the minimum 
drag coefficient. | 


3. Тһе unshielded rectangular horn balances provided slight 
improvements in the pitching-moment effectiveness over the Mach number 
range tested. The 20.3-percent rectangular horn provided a large 
reduction in both hinge-moment parameters, Ch, and Chg, at supersonic 
speeds but resulted in highly overbalanced values of Chg at subsonic 
speeds. Decreasing the horn size to 6.4 percent resulted in reasonably 
good balance at subsonic speeds (Ch, м O) but produced only small 
reductions in the hinge-moment parameters at supersonic speeds. The 
5.5-percent triangular horn showed similar balance effectiveness, 
reducing Ch, to approximately zero at subsonic speeds but decreasing 
only slightly the hinge-moment parameters at supersonic speeds. 


h. The results obtained for а trailing-edge tab geared for equal. 
and opposite deflection to that of the control surface showed that the 
tab was highly effective in reducing the values of Chg at subsonic 
speeds but provided only small reductions in Сұр at supersonic speeds. 
A loss in control effectiveness occurred throughout the speed range due 
to deflecting the tab. 


5. А comparison of the linear theory with the experimental values 
of the pitching-moment-effectiveness parameter and the hinge-moment 
parameters was made in the supersonic speed range for the unbalanced 
flap, the overhang balances, and the horn balances. The results showed 
that the theory predicted reasonably well the variation of the parame- 
ters with Mach number but not the absolute values. 


Ames Aeronautical Laboratory, 
National Advisory Committee for PE 
Moffett Field, Calif. 
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AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
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TABLE III.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A 50-PERCENT BALANCE FLAP (TRUE CONTOUR WING PROFILE; SHARP NOSE 
FLAP). DATA FOR TWO FLAPS. R = A. U x 108 
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A 50-PERCENT BALANCE FLAP (MODIFIED WING PROFILE; SHARP 
NOSE FLAP). DATA FOR TWO FLAPS. R = 4.4 x 108 
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TABLE V.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED WITH 
38-PERCENT-SPAN PADDLE BALANCES MOUNTED ON THE UPPER AND LOWER SURFACES 
OF THE FLAP. DATA FOR ONE FLAP. R = U. H x 108 
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TABLE VI.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A 38-PERCENT-SPAN PADDLE BALANCE MOUNTED ON THE UPPER SURFACE 
OF THE FLAP. DATA FOR ONE FLAP. R = h.h x 105 
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TABLE Vi.- CONCLUDED 
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TABLE VII.- AERODYNAMIC CHARACTERISTICS OF А TRIANGULAR WING EQUIPPED 
WITH A 67-PERCENT-SPAN PADDLE BALANCE MOUNTED ON THE UPPER SURFACE 
OF THE FLAP FORWARD OF THE HINGE LINE. DATA FOR ONE FLAP. 
| R= l.l x 108 . 
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(a) Unbalanced flap. 
Figure 1. Dimensional sketch of model. 
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Section B-B 
(b) 50-percent balanced Пар (true contour wing profile : 
round nose flap) 4 
سپ‎ 
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/. ( 
Section C-C 
(c) 50-percent balanced flap (true contour wing profile; 
sharp nose flap). 
pt 


Section D-D 


(d) 50 -percent balanced flap (modified wing profile; 


sharp nose flap]. 


Figure /.— Continued. 
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£ Section Е-Е 
(e) 38-percent-span paddle balance on upper and lower surfaces 


forward of hinge line. 
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F Section F-F 
(f) 67-percent-span paddle balance on upper surface forward of 

hinge line. 
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(g) 67-percent-span paddle balance on upper surface aft of hinge line. 


Figure /. — Continued. 
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Section H-H Section [-/ 


(ñ) 13.1- percent-area rectangular (i) 20.3-percenft-area rectangular 
horn balance flap. ö horn balance flap. 


2 i 3. i 
Section J-J Section К-К 
(/) 6.4 - percent-area rectangular (А) 5.5 -percent-area triangular 
horn balance flap. horn balance flap. 
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(4) Tratling-edge tab. 


Figure l. — Concluded. 
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Figure 2.- Control-surface model mounted in the Ames 6- by 6-foot 
supersonic wind tunnel. (Fitted with 50-percent balance flaps.) 
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Figure 4. — The variation of the pitching-moment and the hinge -moment coefficients with flap deflection and with angle 
of attack for the 50-регсеп? balance бар ( frue-confour wing profile; round nose бар). Data for two flaps. . 44x 106 
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